A pproximately half of the patients with an acute stroke have a clinical syndrome that could be categorized as mild. 1 Physicians often are confronted with the dilemma of deciding which patients with mild symptoms need to be treated with reperfusion therapies. Withholding treatment may be problematic because patients with mild deficits initially may have unfavorable long-term outcomes. 2 The types of neurological deficits are often considered when deciding about acute treatment. Physicians may favor treating patients with language or visual deficits and withhold reperfusion treatment when they perceive the symptoms are not likely disabling. 3 Unfortunately, physicians are known to disagree about the functional significance of neurological symptoms in the acute stroke setting. 4 Furthermore, there is a lack of consensus about what constitutes a "minor" stroke syndrome. 5 In this study, we evaluated the appropriateness of the practice of excluding patients with low baseline National Institutes of Health Stroke Scale (NIHSS) scores for treatment based on the perception that some symptoms are not significantly disabling. 3 We analyzed the relationship between specific neurological deficits in the NIHSS score and long-term outcome among patients with a low total NIHSS score. We hypothesized that, among patients with low baseline NIHSS scores, the presence of aphasia or visual deficits would independently predict a worse functional outcome.
Materials and Methods
The study methodology is shown in Figure 1 . We tested our hypothesis through a retrospective analysis of a large stroke trial, Trial ORG 10172 in Acute Stroke Treatment (TOAST), which enrolled patients with a wide range of stroke syndromes, including numerous patients with relatively mild neurological impairment. The trial evaluated the effects of danaparoid, a low-molecular-weight heparinoid, administered within 24 hours of onset of acute ischemic stroke in 1281 patients at 37 centers in the United States. 6 The specific methods and results are published elsewhere. 6 The study was authorized by the University of Iowa Institutional Review Board. Because the studied intervention did not show differences in outcome, for the purpose of this analysis, we joined both arms of the trial. Data collected prospectively included the patients' age, sex, side of the lesion, temperature, systolic blood pressure, blood glucose level, and baseline neurological impairments as rated on the NIHSS.
Each NIHSS item was categorized as either normal (scoreϭ0) or abnormal (scoreϭ0). Right and left arm scores were combined as "arm motor," and right and left leg scores were combined as "leg motor." Items graded as 9 ("untestable") were considered as "missing" responses for analysis. We also created 8 different combinations of NIHSS responses that replicate clinical syndromes used in clinical practice. 7 These syndromes included "pure motor syndrome" (abnormal motor arm and motor leg, with or without dysarthria or facial weakness, with normal remaining NIHSS items), "pure sensory syndrome" (abnormal sensory examination with normal remaining NIHSS items), "aphasia-hemiparesis" (abnormal ipsilateral motor arm and leg and abnormal language), "neglect-hemiparesis" (abnormal ipsilateral motor arm and leg and neglect), "hemianopsia & hemiparesis" (abnormal ipsilateral motor arm and leg and abnormal visual fields), "lethargic hemiparesis" (abnormal ipsilateral motor arm and leg and abnormal level of consciousness),"brachial pattern of weakness" (motor arm score greater than ipsilateral motor leg score), and "ataxic hemiparesis" (abnormal ipsilateral motor arm and leg and abnormal coordination). Functional outcomes at 3 months were determined by a prespecified algorithm using the Glasgow Outcome Scale and the modified Barthel Index. Patients who had a Glasgow Outcome Scale score of 1 and a Barthel Index score of 19 to 20 (95-100 in the usual scoring system) were categorized as having a "very favorable outcome" (VFO).
Our target population was those patients who presented to the emergency department within 4.5 hours of symptom onset 8 and had a baseline NIHSS score Յ6. We analyzed baseline characteristics and performed an analysis of the prevalence of abnormal individual baseline NIHSS items among those patients. We then performed multivariate logistic regression analyses using VFO as the outcome variable. In all logistic regression analyses, we included each of the individual items of baseline NIHSS examination as independent predictors. All these analyses were adjusted for age, sex, side of the lesion, time from symptom onset to emergency department arrival, temperature, systolic blood pressure, blood glucose level, and treatment group assignment (ORG 10172 versus placebo). To evaluate for potential collinearity (the total NIHSS score and the stroke syndromes are the result of combining individual NIHSS items), we performed 4 separate logistic analyses to combine these additional covariates. The main analysis did not include any additional covariates. In 1 of those analyses, total NIHSS score was added as a covariate. In another analysis, stroke syndromes were added as covariates. In a third analysis, both total NIHSS score and stroke syndromes were added. All statistical analyses were done using SAS Version 9.2 (SAS Institute Inc, Cary, NC).
Results
We identified a total of 194 patients with a baseline NIHSS score of Յ6 who presented to the emergency department within 4.5 hours of symptom onset. Forty-eight percent arrived in the 0-to 2-hour time window, 24% in the 2-to 3-hour window, and 28% in the 3-to 4.5-hour window. Of those patients, 65% were men. The mean age was 65.8 years (SD 11.7). Ninety-seven patients had a left-sided ischemic lesion, 87 had a lesion on the right, and 10 were classified as "other." The mean and median baseline NIHSS score for this target population was 4.22 and 4, respectively (SD 1.47). Figure 2 shows the distribution of total NIHSS scores among those 194 patients with a baseline score Յ6 who presented within 4.5 hours from symptom onset. The majority of these patients (86%) had a total NIHSS score between 3 and 6, a range that reflects nonisolated symptoms in which acute treatment is more likely to be considered. Table 1 lists the prevalence of NIHSS deficits among patients with a low total score. Facial weakness (63%) was the most common deficit followed by dysarthria (42.3%) and limb ataxia (38.1%). The prevalence of "classic" stroke syndromes, as defined by the combination of NIHSS responses, was quite low. For example, the prevalence of pure motor and pure sensory stroke was 4.1% and 0.5%, respectively.
A VFO at 3 months was achieved by 68% of patients with baseline NIHSS score of Յ6 who presented Ͻ4.5 hours from symptom onset. Table 2 shows the significant variables in the 4 separate logistic regression analyses modeled after a higher probability of VFO at 3 months. Higher total NIHSS scores were consistently associated with a lower chance of a VFO at 3 months. Higher glucose levels on admission had a borderline association with a lower chance of VFO.
No single NIHSS item was independently and consistently associated with VFO at 3 months. The main logistic regression model (Table 2 , "no additional covariates") showed no independent association between NIHSS items and outcome. NIHSS items that show statistical significance only when total NIHSS score or stroke syndromes are included in the model reflect collinearity, an artifact of logistic regression, rather than a true association. For example, ataxia-hemiparesis was associated with a lower chance of VFO, but that association disappeared when adjusting for total NIHSS score. This can be explained by collinearity with the total NIHSS score, because all 19 patients with ataxia-hemiparesis had higher total NIHSS scores. Similarly, hemineglect was associated with a better outcome at 3 months only when total NIHSS was added to the logistic model and stroke syndromes were excluded. Univariate analysis confirmed that this finding was also due to collinearity with the NIHSS score: a VFO was achieved by 16 of 19 (84%) patients with hemineglect and higher (4 -6) NIHSS scores as compared with 2 of 3 (67%) of patients with hemineglect and lower (1-3) NIHSS scores. A similar situation occurred with limb ataxia, which was associated with a better 3-month outcome only if total NIHSS scores were added to the logistic model. This finding was also due to collinearity with lower NIHSS scores: VFO was achieved by 11 of 12 (92%) patients with limb ataxia and lower total NIHSS scores as compared with 43 of 62 (69%) patients with limb ataxia and higher NIHSS scores. This was also the case for facial weakness, which was only associated with better outcomes if both total NIHSS score and stroke syndromes are entered into the model.
Discussion
Physicians face dilemmas deciding whether to treat patients with mild ischemic strokes with recombinant tissue plasminogen activator (rtPA). This is an important public health issue because over half of the strokes in the United States have a NIHSS Յ5. 1 Physicians do not want to expose patients with low NIHSS scores to the hemorrhagic risks of rtPA 9 because they are likely to have a favorable outcome despite any intervention. 10 However, data suggest that the long-term outcome of patients with mild strokes might not be benign. 11, 12 Of particular concern are the limitations of the NIHSS to transmit the severity of certain stroke syndromes 13 such as the posterior circulation strokes. 14 For example, patients with vertebrobasilar symptoms such as the relatively common lateral medullary syndrome of Wallenberg often have potentially disabling abnormalities in gait or swallowing that are not measured by the NIHSS. In addition, the risk of hemorrhagic transformation after rtPA may correlate with the size of the infarction, 15 implying that patients with milder strokes may have a lower bleeding risk, 16 which could support the treatment of milder cases.
The dilemma for treating milder cases is not unequivocally clarified by the available guidelines. The American Heart NIHSS indicates National Institutes of Health Stroke Scale. *All models used each NIHSS item as predictors and age, sex, side of the lesion, time from symptom onset to emergency room arrival, temperature, systolic blood pressure, blood glucose levels, and treatment group assignment (ORG versus placebo) as covariates. Four different logistic models were created depending on whether total NIHSS score and stroke syndromes were also present as covariates. 
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Association guidelines suggest that a patient is eligible for rtPA unless the neurological signs are "minor and isolated." 17 This recommendation can be confusing, particularly because "minor stroke" remains an ill-defined entity. 5 Attempts have been made to define "minor stroke" quantitatively based on the total NIHSS score. 5, 18 Unfortunately, any cutoff for defining this entity is arbitrary given the linear relationship between total NIHSS score and outcome. 10 The practice advisory of the American Academy of Neurology added some qualitative statements to the concept of mild stroke. It suggests avoiding thrombolytic therapy in patients "with isolated mild neurological deficits, such as ataxia alone, sensory loss alone, dysarthria alone, or minimal weakness." 19 This recommendation is inspired by the National Institute of Neurological Disorders and Stroke (NINDS) rtPA trial, which excluded patients with isolated sensory stroke, isolated ataxia, isolated dysarthria, or isolated facial weakness. 9 Because the risk/benefit of rtPA remains unknown in these patients, it seems reasonable to exclude them from such treatment. However, patients with such isolated symptoms can only sum very low total scores (1-2) in the NIHSS and represent a small fraction of the total patients. Unfortunately, the guidelines do not specify what to do in the most common scenario of a combination of those or other minor symptoms. Attempts have also been made to define "minor stroke" qualitatively. 18 A secondary analysis of the NINDS rtPA trial retrospectively categorized subjects into 5 definitions for minor stroke that were based on the total NIHSS score and qualitative aspects of the symptoms. 18 One of these categories specifically included patients with a combination of motor, coordination, and sensory deficits without deficits in the sphere of language, level of consciousness, extinction/neglect, horizontal eye movements, or visual fields. 18 Those patients with "lacunar" findings experienced favorable outcomes with rtPA. 18 Patients with mild "nonlacunar" neurological findings were excluded from that analysis, so it is uncertain whether they would have benefited differently from rtPA than the "lacunar" counterparts. Another secondary analysis of the NINDS rtPA trial attempted to better categorize the neurological findings of those patients who had minor symptoms (total NIHSS score Յ5). They analyzed the prevalence and outcomes of 16 different clinical syndromes based on combinations of baseline NIHSS scores. This exploratory study provides some reassurance about the favorable outcomes with rtPA for patients with minor symptoms. 16 However, the study had a small number of subjects with minor symptoms (nϭ58), which limits the ability to draw conclusions regarding the outcome of the different clinical syndromes. 16 We found that the type of neurological deficits, as detected by the NIHSS examination, does not independently predict poor outcome among patients with a low baseline NIHSS score. The associations observed are not consistent and reflect collinearity with the total NIHSS score. The lack of a consistent and independent association between baseline NIHSS deficits, or syndromic combination of those deficits, and a favorable 3-month outcome argues against the current practice of withholding reperfusion treatment in mild patients who have deficits perceived to be nondisabling. 3 Therefore, the decision for considering treatment should not depend on which specific items are abnormal on the initial baseline NIHSS. Our negative findings seem counterintuitive at first. After all, the pattern of neurological deficits is a function of the location of the brain lesion, which in turn has been associated with neurological outcome. 20 It is important to understand, however, that we are focusing on a selective group of patients with stroke who have a low score in the NIHSS. The NIHSS scores tend to be higher in patients with supratentorial lesions 14 and dominant hemispheric lesions. 21 As such, the population of patients with a low total NIHSS scores is biased toward milder subcortical strokes. 22 This may explain the low percentage of patients with language and visual dysfunction in this target population. Our findings do not contradict the overall relationship between lesion location and outcome. It just suggests that such an association is not observed among the particular array of neurological deficits seen in patients with milder symptoms. The strength of our study is that it includes a representative large cohort with low baseline NIHSS scores with data systematically and reliably collected. 6 The TOAST trial is unique because, unlike most acute stroke trials, it allowed a large number of patients with mild symptoms.
We also recognize the limitations of this study. There is always a risk of selection bias in patients participating in clinical trials. This can raise concerns about generalizability to other settings such as the population of patients considered for rtPA in clinical practice. This concern is particularly valid because patients in the TOAST trial were not treated with rtPA. For that reason we have selected only those patients in TOAST who presented to the emergency department within 4.5 hours of symptom onset. 8 Also, the TOAST study is now more than a decade old. Ancillary care, which influences outcome, has improved. However, in this study, we were interested in NIHSS items as predictors of outcome rather than in the absolute outcomes of patients. We consider it unlikely that improvements in ancillary care would have resulted in differentially improved outcomes for different baseline NIHSS deficits. We also recognize that the stroke outcome measure used in this study (VFO) could lack sensitivity to detect prognosis differentially in patients with mild strokes, including the ability to detect mild but significant language and visual deficits. On the other hand, these outcome measures are standard in clinical trials as well as clinical practice. Lastly, we recognize that the absence of an observed association does not eliminate the possibility that such association in fact exists. We retrospectively estimated the power we had to detect an association for the different NIHSS items. This estimation ranged from 76% to 10%. This raises the possibility that we might have been underpowered to detect an effect on those NIHSS items that are less prevalent among patients with low total scores.
In summary, there is uncertainty about the choice of an appropriate NIHSS cutoff for acute thrombolytic treatment in patients with mild symptoms. Future trials are needed to better define the risk/benefit of acute interventions in patients with milder symptoms. 16 In the meantime, our findings suggest that the types of neurological deficits are not independent predictors of long-term prognosis for patients with mild stroke and should not be used to justify withholding reperfusion treatment. These data, in conjunction with other recent studies, suggest that the current rtPA guidelines might be unnecessarily restrictive for treating patients with mild strokes.
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